The results after implantation of Lester Jones canalicular bypass tubes in 326 eyes (310 patients) are reviewed. The bypass tubes were implanted after canalicular obstruction from a variety of causes, of which post-herpetic or post-traumatic obstruction accounted for one-half of all cases.
The Jones' tube,l or similar lacrimal can ahcular bypass tubes, provides the most suc cessful method for lacrimal drainage where canalicular obstruction or malfunction is present. Before introduction of the Jones' tube, many techniques for achieving tear drainage in the absence of functional can aliculi had been described,2 but the majority of these methods produced poor results.
The indications and results of lacrimal can alicular bypass surgery are presented for patients in the Lacrimal Clinic at Moorfields Eye Hospital. Practical aspects of surgical technique and patient after-care are also dis cussed, based upon long-term experience with these devices.
Patients and methods
Three hundred and ten patients (132 males, 178 females) were identified, from the records of the Lacrimal Clinic at Moorfields Eye Hospital, as having undergone Jones' tube implantation between 1965 and 1980.
The full clinical notes were available for review in most cases.
Surgical Techniques
Through an external approach, a large rhi nostomy was created and, where necessary, the middle turbinate was resected. If both leaves of the medial canthal tendon had been disrupted, the lower lid was fixed postero superiorly, either by repair of the posterior limb of the tendon or by the attachment to a trans-nasal wire. After suturing the posterior mucosal flaps, a guide-wire was passed into the nose either from the lower canalicular ampulla (opened by a 3-snip procedure; 113 cases) or from the site of the caruncle (203 cases); the caruncle being resected in 119 (59%) of the latter cases. The guide-wire track was enlarged using an Elliott trephine3 or a Graefe knife and a bypass tube passed over the guide wire. Polythene tubes were used (37% of cases) where tissue swelling was pronounced or nasal anatomy very abnormal. In later cases the tube was anchored by a transcutaneous suture looped several times around the neck of the tube; this suture being removed at seven to ten days after surgery. When postoperative swelling had sub sided, polythene tubes were generally exchanged for glass and the patients reviewed every six-months to one year.
Results

Patient Characteristics
The cause for obstruction of lacrimal drain age was evident in 91 % of 326 eyes, with Herpes Simplex infection and trauma accounting for one-half of all cases ( Table I (Fig. 1C) , with an average of 7.8 years and a median of three years. Previous lac rimal drainage surgery had been performed, between one and six times, in 149 patients; the time between last operation and implan tation of a bypass tube varying between 10 weeks and 37 years (mean 3. 8, median 1.5 years).
With only five exceptions, bypass tubes were not implanted in children below the age of 13 years, the average age at implantation being 40 years (median 41; range 13-83 years). The proportion of females was slightly higher in the earlier decades (Fig.   1D ).
Operative Results
The surgical details and pOSItioning of the tube were similar in groups with different causes of canalicular obstruction (Table III) and implantation was completed in all patients without significant intra-operative complication. The follow-up interval varied from one month to 23 years, with a mean value of 4.5 years and median of 2.7 years (Fig. 2) . The prosthesis required replacement (1-7 times) in 142 (44%) cases; this being to a total of 227 times. The average time to first replacement of a tube was 17 months (range one day to almost 12 years) and the interval to subsequent replacements was generally less (Table IV) .
Twenty-two patients (7%) declined further bypass tubes (between five weeks and 1 H years after initial implantation), many of these patients having had the tube replaced on several occasions prior to their final visit. Eight of these 22 patients (36%) had fair or good control of epiphora without a bypass tube in place. Eighty per cent of patients were very pleased with the control of symptoms by the prosthesis and 11 % were moderately pleased.
Discussion
The use of a canalicular bypass tube is indicated where there is inadequate canalicular tissue to provide a functional anastomosis in patients with canalicular obstruction (by disease or by a congenital absence of tissues) or where normal tear flow is impeded by a lack of the orbicularis pumping mechanism (as, for example, in facial palsy). In practice, common indications are congenital cases and after Herpes infection, trauma, irradiation or failed lacrimal surgery ( Table I) . There was a significant bias with respect to sex (X2 = 42.5, p<O.OOl), with trauma being more frequent in men and with Herpes, radiation or failed lacrimal surgery being more common in women (Table II) . The age at-presentation varied significantly (Table II) . Patients with congenital obstruc tion presented at a significantly (p<O.OOl) . younger age and patients with canalicular obstruction after irradiation or failed surgery were significantly older than either groups (Figs lA & lB) .
Lacrimal canalicular bypass tubes are sub ject to many postoperative complications1,4-IO and review of our results after Jones' tube implantation in 326 eyes shows the outcome to be rather variable .
Although over one-half of tubes in the present series did not require replacement, this was often necessary after spontaneous loss (Fig. 3) or, less commonly, when tissue overgrowth occurred. After first replacement of the tube, the interval to subsequent replacements was generally less (Table IV) ; tubes liable to repeated malposition or loss generally being those in which correct place ment of the tube is most difficult (with abnormal medial canthal or nasal anatomy).
From life-table analysis, it may be esti mated that, if followed for two decades, almost all bypass tubes will require replace ment at least once and that the risk of sponta neous loss continues for many years after surgery (Fig. 3 ). An estimated median time to a first replacement for spontaneous loss is about ten years and to a first replacement for all causes is about five years (Fig. 3) .
We consider there are several contraindi cations to implantation of bypass tubes: Because cooperation of the recipient is required for after-care of Jones' tubes, their use is best avoided in children under teenage or in the mentally-retarded. Similarly, implantation is probably inappropriate where after-care is unavailable, most pros theses eventually requiring some form of active management.
Where a Jones' tube is implanted, many complications may be avoided by attention to details of surgical technique and by adequate education of patients in the management of their prosthesis. Based upon experience with the present series of bypass tubes, we make the following recommendations.
Principles of Surgical Technique
The rhinostomy should extend in front of the anterior lacrimal crest and inferiorly to below the lacrimal sac fossa, the large bone defect allowing flexibility in the positioning of the bypass tube.
The proximal end of the tube may be sited within the canalicular ampulla, enlarged by a small three-snip procedure (Fig. 4a) , or below the bulk of the caruncle, in the lac rimal lake (Fig. 4b) . Because most flow through the tube is due to gravity,11 the tube should be directed as infero-medially as poss ible and the distal end placed to clear the nasal septum or middle turbinate.
Malpositioning in the transverse plane can cause many problems. Antero-medial direc tion causes abrasion between the flange and the ocular surface, the inflammation so caused leading either to surface ulceration or to engorgement and overgrowth of the epi sclera or plica semilunaris. The inflamed tis sues may act as an occlusive 'flap-valve' upon the proximal end of the tube or may heal across the end of the tube, burying the latter in granulation (Fig. 5) or scar tissues. Initial malposition of the tube was probably signifi cant in many of the 511227 (22%) replace ments required because of tissue-overgrowth. Postero-medial orienta tion tends to direct the proximal end of the tube over the edge of the lid or above the tear lake; such malposition being the reason for replacement in 111232 (5%) cases.
Principles of Postoperative Management
Patients should be instructed forcibly to aspi rate water through the tube daily and to place a finger at the medial canthus, over the end of the tube, whenever they sneeze or cough.
If the prosthesis shifts laterally, patients should attempt to replace it, or should seek medical attention. Whilst the tract remains patent for several days after removal of a tube, it is often possible to replace the bypass tube (placing it over a fine guide wire) using either topical or infiltrative local anaesthesia. Prolonged removal of the prosthesis generally leads to stenosis or closure of the fistula and recurrence of watering.
At annual, or more frequent, reviews, the bore of the bypass tube should be cleared of accumulated mucus by the use of a plastic bristle; and forceful irrigation with saline. If the outer surface is not cleaned a fibrous sheath tends to form (Fig. 6 ), this often caus ing recurrent infections.
Despite the complications and necessity for further surgical intervention in many cases, the majority (91 %) of patients were pleased with the results of canalicular bypass surgery. In view of the considerable patient satisfaction (and the ease with which the prosthesis can be removed, if so wished) the many cases with extreme duration of symp toms prior to referral (Fig. lC) is to be regretted.
